Abstract: To evaluate whether obese patients with a binge eating disorder (BED) have an altered metabolic and inflammatory profile related to their eating behaviors compared with non-BED obese.
INTRODUCTION
O besity is the second cause of death in the world and has reached epidemic proportions in recent years. 1 The World Health Organization estimates that there are over 1 billion overweight adults globally, 300 million of whom are obese. 1 Obesity is a chronic disease and is associated with numerous comorbidities, including type 2 diabetes mellitus (T2DM), cardiovascular disease, hypertension, and dyslipidemia. Moreover, obesity is a risk factor for major causes of morbidity and mortality 2, 3 and increasing evidence shows that a binge eating disorder (BED) affects a subset of obese patients. 4, 5 Binge eating disorder is a psychiatric disorder characterized by recurrent episodes of binge eating (ie, eating large amounts of food) and is associated with a loss of control and significant distress in the absence of the regular compensatory weight-reducing behaviors commonly observed among patients with bulimia nervosa. 4 The prevalence of BED in the normal adult population varies from 2% to 5%, but this proportion rises up to 50% among obese adults seeking weight reduction. 6 European data indicate that the general prevalence of BED in Italy is approximately 1.12% (0.26% among men and 1.92% among women). 7 Binge eating disorder is strongly linked with obesity and binge eating per se is linked with a high burden of metabolic risk factors in the general population. 5, 8 Studies on obese patients with BED suggest an increased risk for the metabolic syndrome both in adults and adolescents. 9, 10 Several studies showed a higher prevalence of BED in young and overweight patients with T2DM. 11, 12 Furthermore, BED is associated with poorer glycemic control and higher rates of diabetic complications in adolescents and adults with type 1 diabetes. 13, 14 Binge eating disorder and binging behaviors are associated with poorer response to weight loss therapy. 5, 9 A few studies, however, have assessed the metabolic profile of BED obese without T2DM and no data are available on the relation between different eating behaviors and the metabolic profile of these patients.
Growing evidence suggests that obesity is associated with a chronic inflammatory state. Indeed, a body of studies suggests the presence of an overall, low-grade inflammation in obesity, with increased levels of several circulating factors, such as highsensitive C-reactive protein (hs-CRP), tumor necrosis factor-a, interleukin-6, and other biologic markers of inflammation. 15 Conversely, a reduction in body weight is accompanied by a decrease or even a normalization of these inflammatory markers, which are known to have a causal relationship with obesity and its comorbidities, such as insulin resistance, T2DM, and cardiovascular risk. 15 Low-grade inflammation is strongly linked with obesity 15 but, to our best knowledge, no data are available on the possible differences regarding the inflammatory profile between obese patients with and without BED.
The aim of this study was to evaluate whether obese patients with BED and without T2DM have a different metabolic and inflammatory profile related to their eating behaviors compared with non-BED obese. We also wished to test the hypothesis that the characteristic eating patterns of BED obese lead to an altered metabolic and inflammatory profile when compared with non-BED obese.
METHODS

Study Participants
A total of 115 White obese patients without T2DM were consecutively recruited in this cross-sectional study at the Department of Medical and Surgical Sciences of the University ''Magna Graecia'' of Catanzaro (Italy) from December 2013 to December 2014. Patients were enrolled according to the following eligibility criteria: aged between 20 and 65 years, body mass index (BMI) >30 kg/m 2 and the ability to answer a self-reporting questionnaire. Exclusion criteria were as follows: pregnancy or having recently given birth, previous diagnosis of diabetes mellitus, known inflammatory disease, a history of malignant disease or pathologies, or drugs able to modify glucose metabolism.
After 12-hour fasting, a venous blood sample was drawn for laboratory determinations and a 75 g oral glucose tolerance test was performed with 0, 30, 60, 90, and 120 minutes of sampling for plasma glucose and insulin for each patient. Glucose tolerance status was defined on the basis of body mass index according to the American Diabetes Association criteria. 16 Patients underwent anthropometrical evaluation, wearing light indoor clothing, and no shoes, with a standing height to the nearest 0.1 cm and a body weight to the nearest 0.1 kg at 8.00 AM. Height and weight were measured using a portable stadiometer (Seca 220, GmbH & Co., Hamburg, Germany) and a balance scale (Seca 761, GmbH & Co., Hamburg, Germany); then, their BMI (kg/m 2 ) was calculated. In addition, waist and hip circumference were measured, and body composition was estimated by bioelectrical impedance. Blood pressure was measured using a calibrated manual sphygmomanometer and a stethoscope on the brachial artery at the antecubital area of the left elbow with patients supine after 5 minutes of rest.
The Hospital Ethical Committee (Comitato Etico Azienda Ospedaliera ''Mater Domini'') approved protocol in September 2013, and written informed consent was obtained from all patients. All the investigations were performed in accordance with the principles of the Declaration of Helsinki.
Psychiatric Evaluation
Patients answered the Binge Eating Scale (BES). 17 Binge Eating Scale is an easy to administer test with adequate internal consistency and validity. It has been widely used in research either to measure binge eating severity in the nonpurge binge eating population or to determine whether potential research patients meet the inclusion criteria for binge eating. Binge Eating Scale is made up of 16 items describing the behavioral manifestations, feelings, and cognitions associated with binge eating. Each item consists of 4 statements that reflect a range of severity from which patients choose the 1 that best describes their perceptions and feelings about their eating behavior. A total BES score <17 indicates unlikely BED, a 17 to 27 score possible BED and values >27 probable BED.
Psychiatric researchers with adequate training in the field of eating disorders interviewed each patient a week later. The interviewers examined each patient by means of the Structured Clinical Interview for DSM-IVAxis I Disorders 18 and the Binge Eating Disorder-Clinical Interview 19 to respectively assess/ confirm the diagnosis of BED and to deepen understanding of their eating behaviors (ie, night eating, postdinner eating, social eating, sweet eating, emotional eating, grazing, craving for carbohydrates, and hyperphagia) and exercise habits.
The clinical interview through the Structured Clinical Interview for DSM-IVAxis I Disorders confirmed the diagnosis of BED for all the obese patients with BES scores !17. No BED diagnosis was confirmed among patients with BES < 17.
According to the diagnosis of the BED, the patients were divided into 2 groups: non-BED obese patients (n ¼ 85) and BED-obese patients (n ¼ 30).
Laboratory Determinations
Plasma glucose, total and high-density lipoprotein (HDL) cholesterol, triglycerides, and uric acid concentrations were measured by enzymatic methods (Roche Diagnostics, Mannheim, Germany). HbA1c was measured with high-performance liquid chromatography using a National Glycohemoglobin Standardization Program certified automated analyzer and IFCC (Adams HA-8160 HbA1C analyzer, Menarini, Italy; normal reference range, 4.3%-5.9%).
Plasma insulin concentration was determined by a chemiluminescence-based assay (IMMULITE, Siemens Healthcare, Italy). High-sensitivity C reactive protein levels were measured by an automated instrument (CardioPhase hsCRP, Milan, Italy). The erythrocyte sedimentation rate (ESR) was measured automatically by the stopped-flow technique in a capillary microphotometer (Alifax Test 1 System Polverara, Italy). All others metabolites were measured by standard methods. Insulin resistance was estimated by the homeostasis model assessment (HOMA-IR) index, calculated from the fasting glucose, and insulin concentrations according to the following formula (fasting insulin Â fasting glucose)/22.5. 20 The visceral adiposity index (VAI) was calculated using the formulas proposed by Amato et al 21 
Statistical Analysis
Data were analyzed using the Statistical Package for the Social Science, version 21.0 (SPSS Inc., Chicago, IL). Variables with skewed distribution, including triglyceride, hsCRP, ESR, white blood cell (WBC), and fasting insulin were natural log transformed for statistical analyses. Continuous data are expressed as means AE SD. Categorical variables were compared by x 2 test. Anthropometric and metabolic differences between groups were tested after adjusting for age, sex, and BMI using a general linear model. A P value <0.05 was considered statistically significant. Cohen's effect sizes (ES) were calculated for all significant findings, with values (negative or positive) of 0.2, 0.6, 1.2, and >1.2 indicating trivial, small, moderate, and large ES, respectively. 22 The structural equation modeling using maximum likelihood estimation was conducted by means of SPSS/AMOS 21.0 to test for the validity of the hypothesized model. Structural equation modeling is a method that allows the simultaneous estimation of all relationships between observed (manifest or unmeasured) and unobserved (or latent) variables of a model. It is graphically represented with observed variables enclosed by rectangles and latent variables by circles. An assumed causal path between 2 variables is shown by a directed edge (singleheaded arrow). Path coefficients on the edges are partial standardized regression coefficients, which measure the effect of 1 variable on another, while controlling for all other variables prior in the model; all coefficients show a positive association, but those with a minus sign indicate a negative association. Model fit was evaluated using the comparative fit index (CFI), the Tucker-Lewis incremental fit index (TLI), and root mean square error of approximation (RMSEA). The magnitudes of these indices were evaluated according to the recommendations of Hu and Bentler. 23 For CFI and TLI, values of 0.90 and above were considered adequate, whereas values of 0.95 or above were considered very good; for RMSEA values of 0.08 and below were considered adequate and 0.05 or less very good. The ratio of x 2 and degree of freedom was also evaluated, considering that values below 3.0 are good and those below 2.0 are very good. Table 1 shows the anthropometrical characteristics and laboratory findings for the 2 study groups. There were no differences in age and sex between BED and non-BED obese. Binge eating disorder obese exhibited significantly higher BMI, waist circumference, hip circumference, waist/hip ratio, and fat mass, and a lower lean mass as compared with non-BED obese; these differences remained significant after adjusting for BMI (Table 1 ). There were no differences between the groups in blood pressure, total cholesterol, low-density lipoprotein cholesterol, triglycerides. Binge eating disorder obese had a worse metabolic and inflammatory profile, exhibiting significantly lower HDL cholesterol and higher levels of HbA1c, uric acid, ESR, hs-CRP, and WBC and all these differences remained significant after adjusting for BMI (Table 1) . Binge eating disorder obese also exhibited significantly higher levels of fasting plasma insulin and higher degree of insulin resistance as assessed by HOMA-IR index and VAI compared with non-BED obese; similarly, differences remained significant after adjusting for BMI. No significant differences were found in fasting glucose and 2-hour postload plasma glucose. Blood pressure, low-density lipoprotein cholesterol, triglycerides, fasting glucose, and 2-hour postload plasma glucose were statistically significant after adjusting for BMI.
RESULTS
Regarding eating habits, BED obese revealed significantly higher percentages of grazing, emotional eating, night eating, sweet eating, and craving for carbohydrates than non-BED obese (Figure 1 ).
Structural equation modeling was conducted to test the hypothesis that altered eating behaviors affect anthropometrical, metabolic, and inflammatory variables. The model achieved goodness-of-fit: x 2 ¼ 69.755; P ¼ 0.261; ratio of x 2 and degree of freedom ¼ 1.107; CFI ¼ 0.980; TLI ¼ 0.970; 0.970; and RMSEA ¼ 0.032. In our model, altered eating behaviors (ie, night eating, sweet eating, craving for carbohydrates, emotional eating, and grazing) showed an indirect effect on waist circumference mediated by the diagnosis of BED and body weight; waist circumference had an indirect effect on HbA1c mediated by insulin resistance assessed either by HOMA-IR or VAI; and VAI had a direct effect on the inflammatory indexes (ie, ESR, hs-CRP, and uric acid; Figure 2 ). , df¼ degree of freedom, ESR ¼ erythrocyte sedimentation rate; RMSEA ¼ root mean square error of approximation, TLI ¼ Tucker-Lewis Index, VAI ¼ visceral adiposity index.
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DISCUSSION
In this study, we showed an unfavorable metabolic and inflammatory profile in obese patients with BED as compared with non-BED obese.
Notably, we reported, for the first time that BED obese, exhibited a worse anthropometric and metabolic profile in relation to their different eating behaviors, as compared with non-BED obese. There are several potential mechanisms by which binge eating may cause or contribute to obesity. The characteristic eating patterns of BED individuals seem to be associated with specific metabolic abnormalities of obesity. For example, the ingestion of fewer but larger meals has adverse metabolic consequences than the ingestion of frequent, small meals, including increase in fasting glucose, insulin secretion, serum lipids, and deterioration of glucose tolerance. 10, 24 Eating rapidly results in elevated serum lipids, higher waist-hip circumference ratio, and liver steatosis. 25 The mechanism(s) underlying the relationship between eating rate and fatty liver are not known. As reported by Kral et al, 25 it is hypothesized that the enhance and rapid glucose absorption, mediated by a brisk insulin response via cephalic phase release, an incretin effect and rapid intestinal handling, causes fatty infiltration of the liver via glucose toxicity. Alone or in conjunction with rapid absorption of lipid, glucose and insulin increases may lead to insulin resistance and metabolic syndrome with central/visceral fat distribution and dyslipidemia. Besides, increased insulin levels induced by binging may contribute to increased hunger. 26 In fact, BED patients eat significantly more than do non-BED obese during the stimulation of a binge eating episode. 27 Despite the relation between specific metabolic alterations and these eating features of BED individuals (ie, speed and amount), little is known about the metabolic consequences of the other eating habits typically observed in BED individuals (eg, craving for carbohydrates, sweet eating, grazing, or emotional eating).
Herein, we provide evidence that BED obese showed a higher frequency of altered eating behaviors (ie, binging, grazing, emotional eating, sweet eating, and craving for carbohydrates) than non-BED obese.
We did not observe a significant difference in binge eating frequency between BED and non-BED obese patients. The symptom ''binge'' does not directly imply with the diagnosis of BED. ''Binge eating'' is a behavior marked by consumption of a large amount of food within a short period of time with the sense of loss of control. But to fulfill the diagnosis of BED, 4 the patient needs to have other symptoms, such as eating quickly, eating until feeling full, eating even if not hungry, eating alone for embarrassment and/or feeling disgusted, depressed, or guilty for overeating. So binge is a characteristic symptom but not an exclusive symptom of patients with BED. On the contrary, DSM-IV requires that binges occur at least 2 days a week for 6 months, so many obese patients could not satisfy the criteria of frequency while still binging. As binging becomes a distraction related to aversive emotional states, BED obese tend more frequently to eat in response to emotions. 28 Our results are in agreement with previous data showing that emotional eating is associated with the preference for sweet foods and that BED obese crave carbohydrates more than fats, compared with non-BED obese. 29 As previously reported, grazing, another dysfunctional eating behavior that consists of smaller, subjective episodes of overeating, was significantly more evident among BED obese as compared with non-BED obese. We postulate that the compensatory pattern, demonstrated in healthy lean patients, could be impaired in patients who are already obese and have chronic binge habits. These habits could be responsible, in association with obesity, for the worse metabolic profile observed in BED obese. 30 Accordingly, we found that BED obese exhibited a significantly higher BMI, fat mass, fasting insulin levels, HOMA-IR index, and HbA1c when compared with non-BED obese. Moreover, among BED obese, we found an increased abdominal circumference, an indirect index of visceral adiposity and an increased VAI, an indicator of a dysfunction of adipose tissue. 21, 31, 32 In obese patients, visceral adipose tissue accumulation has been associated with an increased production of free fatty acids, interleukin-6, tumor necrosis factor-a, hs-CRP, and a decreased production of adiponectin, each of which may contribute to insulin resistance. It is known that these cytokines and chemokines activate intracellular pathways that lead to the development of insulin resistance, increasing the risk of T2DM. 33 A previously study demonstrated that women with BED had significantly reduced plasma levels of adiponectin. 34 Accordingly, it is conceivable that increased visceral adiposity observed in BED obese may be responsible for increased insulin resistance, estimated by the HOMA-IR index.
Importantly, we observed that the BED obese showed elevated inflammatory markers, such as hs-CRP, ESR, and WBC counts. Several studies showed that chronic subclinical inflammation is associated with T2DM, cardiovascular disease, and patients at high risk of developing T2DM. [35] [36] [37] [38] [39] Elevation in hs-CRP is considered a marker of cardiovascular risk that has also been correlated with insulin resistance. 33 Increasing evidence has shown that the accumulation of lipids in adipose tissue and the expansion of fat mass determine the initiation of the obesity-induced inflammatory process through the production of proinflammatory cytokines and chemokines by the fat tissue. 33 All these differences remained significant after adjusting for BMI. Our results, in line with Hudson et al, 9 disagree with Abraham et al. 8 A possible explanation is that the research by Hudson et al was drawn among obese patients, as in our case, whereas Abraham et al used a large population-based cohort comparing obese (most bingers) with overweight (most nonbingers).
Moreover, we found, that BED obese showed higher uric acid levels than non-BED obese did. Elevation in uric acid has been associated with obesity and insulin resistance, all risk factors for atherosclerosis, and T2DM. 40 The prooxidant and proinflammatory effects of uric acid that interfere with glucose uptake may explain this association. Furthermore, hyperuricemia is frequently documented in patients with cardiovascular diseases and with subclinical organ damage. 41 Structural equation modeling analysis helps to explain the relation between eating behaviors and metabolic impairment. Night eating, sweet eating, grazing, emotional eating, and craving for carbohydrates may lead to increased waist circumference, an index of visceral adiposity, and insulin resistance, which, in turn, may favor production of inflammatory molecules, and alteration in glucose metabolism. The mechanism(s) by which the eating behaviors are able to induce an alteration of metabolic profile and/or the inflammatory profile is not known. It might represent a direct effect of binge eating, perhaps because of the large amount of food ingested in typical eating binges. 42 Also, rapid consumption of large amounts of food can increase oxidative and inflammatory stress, 43, 44 and inflammatory changes could represent an important causal pathway for developing metabolic alterations. Alternatively, because BED appears to be partially caused by genetic factors independent of obesity, [45] [46] [47] it is possible that these or other underlying nongenetic factors might be responsible for these alterations.
The novelty of this article is that an eating disorder, namely BED, and the related altered eating behaviors, can help to explain an impaired metabolic and inflammatory profile in a group of obese patients that could have an increased cardiometabolic risk.
Strengths of this study are the exclusion of patients with T2DM or confounding disorders characterized by elevation in inflammatory molecules, inclusion of both sexes, the accurate anthropometric, metabolic, inflammatory and psychiatric characterization, and the evaluation of eating behaviors.
The findings of this study, however, need to be interpreted in light of some limitations. First, the current results derive from a cross-sectional research with a small sample of obese patients. Nevertheless, the sample included all obese patients that consecutively asked for weight reduction therapy in our department. Furthermore, ES and fit indexes of structural equation modeling demonstrated that the results were not influenced by the sample size. A second limitation of the current study is that we have evaluated insulin sensitivity by the HOMA-IR index. Although the euglycaemic-hyperinsulinaemic clamp, which is considered the gold standard method to measure insulin sensitivity, may provide a more accurate estimate of insulin sensitivity, it is time consuming and expensive, and is not feasible in large-scale studies.
Despite the limitations, our findings may have important clinical implications. The current study confirms and expands the actual knowledge about the effects of specific dysfunctional eating behaviors commonly observed among obese patients on important metabolic and inflammatory alterations. All obese patients should be assessed for BED and it can be done through an easy tool, the BES. This could represent an important clinical target to identify patients potentially at high risk for obesity, T2DM, and/or cardiometabolic disease. Further research and prospective studies, however, are needed to assess and evaluate whether early detection and intervention for this specific disorder could have a positive prognostic impact on the long-term outcome (eg, T2DM and/or cardiovascular risk) of this specific group of obese patients seeking weight reduction.
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